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Ep-CAM an epllbella adb fon molccule. Is ab-

cells of CIN lesions corvelated with the disap-
pearance of CK13. which normally mrhs cells
undergoing squamous dw'emmm As u'as
shown with Ki-67, a marker for pml{/?mﬂq MI
populations. the areas QI‘B

sity and the number of positive ceﬂs). as c_on_u
pared with CIN I lesions, was observed.in the
areas of squamous differentiation. Ibls smdy
demonstrates that the expression q[‘Ep-CAM in
cervical squamous epithelium is associated with

- abnormal proliferation of cell populations that

are not conmmitted to terminal differemtiation.
(Am J Patbol 1996, 145:865-875)

The 40-kd epithelial protein, Ep-CAM, encoded by
the GA733-2 gene,' when expressed in cells defi-
cient in intercellular adhesion. demonstrates the
characteristics of a homoghilic cell-cell adhesion
molecule.” The exact role of this molecule in epithe-
lial tissues is not clear yet. However, we have dem-
onstrated that Ep-CAM is of importance for intercel-
lufar interactions of carcinoma cells that have
decreased levels of cadherins,® which suggests that
Ep-CAM is an adhesion motlecule contributing to
intercellular interactions. at least in some tissues.
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In normal human tissues Ep-CAM is expressed in
most srmple columnar and pseudoslratllred eplthe-

_observed in squa-
M‘rs expressed in

gh it can be abundantly

A arcinomas.>” As normal
.dlfferenlralron ol cells |s drsturbed in the maijority of
carcinomas ol squamous orrgrn :and expression of
hlslologlcal markers typlcal lor srmple epithelia may
occur in squamous carcrnoma cells,®? we have in-
vestigated, whether .the appearance of Ep-CAM in
squamous eprlhelual neoplasias correlates with the
expression of markers for simple epithelia and -is
onnected-'to prolnleralnve and-differentiation-related

e o R AT DY

squamous: epithelial:cells

to. lollow the, expresslo_n'ol tp-CAM in correlalron wnh
the changmg pattem.of d dullerentrallon markers® '’ i
progressrng neoplasra :

Our results showed lhal lhe expressron of Ep-CAM
in squamous cervical epithelium correlates with an
énhanced proliferative activity and with the loss of
tissue-specific markers, including markers for termi-
nal differentiation of squamous epithelial cells.

Materials and Methods

Tissues and Pathological Evaluation

The frozen tissue specimens used in this study com-
prised biopsies or surgical resection specimens of
lesions of the uterine cervix. A total of 42 specimens
representing normal, metaplastic epithelia. and three
grades of cervical mtraeprlhelual neoplasia (CIN)
were studied. In many' samples; normal epithelium
and metaplasia or intraepithelial neoplasia were
found within the same specimen. Normal cervical
epithelial tissues were identified in 14 tissue speci-
mens, along wulh 28 cases. of squamous melaplasla

Rl

and eosin and analyzed by lwo .depende .

(clone E3). and CK18 (clone DC-lO) were obtained
from Thamer Diagnostica. All anlr-cytokeralm amr-':
bodies used are well characterized with respec! to
their specificity and recognize single-type cytokera-
tins. The anti-Ep-CAM anlrbody 323/A3 '3 was: ;

inger Mannheim (Mannheim, Gerrr_l_an-
involucrin (clone SY5) was obtained from Sigma
munochemicals. As negative control. monoclonal

.antibodies (MAbs; of IgG1 and IgG2a isotypes) to

episialin. a protein that is not expressed in squamous
epithelial tissue. were used.

Immunohistochemistry

Cryostat sections were fixed in cold methano! and
then rinsed with acetone and air dried. Sections were
preincubated for 30 minutes with either 10% normal
goat serum (for immunohistochemistry) or with 5%
skimmed mitk solution (for immunofiuorescent stain-
ing). Both sahsions were prepared in phosphate-
buffered saline. Immunohistochemical staining with
323/A3 MAD was performed as described previous-
ly."® For double immunofiuorescent staining for Ep- -
CAM and an additional marker, primary antibodies -

. (all of IgG1 isotype. except anti-CK17, E3, which is -.

IgG2b. and anti-CK 14, RSK 107, which is IgGa)were

-applied in a mix with the 323/A3 MAD (IgG2a). The

reacted antibodies were detected using an anti-
mouse IgG1 (or. respectively, IgG2b or IgG3)-fiuo-
rescein isothiocyanate conjugate in a mix with an
anti-mouse IgG2a-Texas-Red conjugate. All conju-
gates were obtained from Southern Biotechnology
(Birmingham, AL). The immunofluorescent stammg"
was analyzed using the BRC-600 confocal mrcro-"
scope (Bio-Rad. Richmond, CA). ' o
Each of the tissue samples was analyzed w-th all '
of the markers used. The specificity of the stammg,l
was verified by using a control antibody of the sami
IgG isotype. For double-fluorescence analy_eis_ the "




into another was conﬁrme by using cultured epuhe-
lial cells stained with- antnbodnes to two.m: rkers with
completely nonoverlappmg 'patterns (Ep-CAM
which is located at the cell-cell boundaries and in
cytoplasm, and Ki-67, which is located in the nucleus
only).

_ Resuits

Expression of Ep-CAM in Normal,
Dysplastic, and Malignant Cervical
Epithelium

immunohistochemistry on cervical tissues Ashqvjed
that normal ectocervical epithéliuim was negative for
Ep-CAM expression (Figure 1A), in contrast.lo.nor-.

“nar and reserve cells (Figure 1B). Wthh was hughly
positive for Ep-CAM. In the transtormation zone, a
clear border between Ep-CAM-pasitive endocervical
epithelium and negative célls of squamous differen-
tiation was observed.

In immature and mature squamous metaplastic
epithelia, a strong expression of Ep-CAM was found;
the intensity of staining of the majority of celis in
immature metaplastic lesions was combarable to the
stammg of columnar endocervical epithelium. in ma-
ture squamous metaplasia, the areas of squamous
dltferentlataon showed a decrease in Ep-CAM ex-

““pression-up to complete negativity (Figure 1C).

Low expression of Ep-CAM was occasionally
.detected in basal/suprabasal layers of morpholog-
ically normal squamous epithelium bordering intra-




‘Litvi al '
AP March 1996, Vol. 148, No. 3

.epithelialvneoplasia At higher levels, the expres-
snon of Ep-CAM was detected in CIN I, with the
i th hngher grade neoplastic

carcmomas analy’ d as' éll -as in alt adenocarcino-
mas. In some'squamous carcinomas, only a low level
of Ep-CAM expression was detected (not shown); in
all cases it was related to a pronounced squamous
differentiation in these lesions. :

" CyiQKeratins in

epithelia, ** 15 The .Cytokeratin _markers typical for
dufferentuated squamous columnar cells and reserve
cells as observed in-the 'prevuous studies,'” and-
confirmed in the current study, are shown in Figure 2.
Using double staining with anti-Ep-CAM MAb com-
bined with MAbs to CK7 (columnar cells only) and
CK18 (columnar and reserve cells), we demon-
strated that e xpressed in reserve cells as

Vh the expression

eratins (CK14 and
CK17) durin epnheha ral sdnffere _atlon Thus, im-
mature squamous metaplasuas were strongly posi-
tive for Ep-CAM although onlya subpopulahon of
cells in these'dyspla as malnly the cells located in
the basal layer, were expres mg 'CK14. and CK17

(Figure 3). In- mature meta ‘sua. the expression of
-Ep-CAM was dnsappearmg in areas of squamous
differentiation but was still observed more widely
than CK14 and CK17.

The expreSsaon patterns of Ep-CAM and of the

Figure 2. Schcuttic rprosentation of cytobenatin and Ep-CAM expos-
sti fudlierns s observed i normial convicad. metaplastic. amd neeo-
Pt cenial tisies e date wene obtained e the basis of immu-
st bemcad snostigainnr of 42 sgprcimens of cesvical opithelial
foties tseve Materuls snd Methedsy The buman cytoberatins are
sucdieeted by the npetive nwmbers: Black. gray. or white filling of
the Bans pndiates. aspatuely. s, unsderate, o ue expression of
W snrker canediad filling of the bar indicates gradied decnsase or
draappnarance of e mader e ihe nspectee avers of opitilia A
completely filled By indicates the prosence of the niarder at the indi-
cettoerd tztensaty 21 7S g0 HHEG of e normal lesion tissue sprccinens. A
eotte-btlf vor et qquanter filled bar indicates the pimsence of the nerbaer
0125 00 St ar fess thaat 250 of ceses, aoyaectivedy B basal colls: PB.

[ummwlull\ 1 celle ot e intermediate kover: S, superficial cdlls: R

neenne wells, o cedumnar colls

Expression of Ep-CAM and Cytokeratins in
CIN Lesions

Expression of Ep-CAM at early stages of dysplasia/
neoplasia in cervical epithelia was observed in sii
basal and parabasal cells, but only in basal celis was
it co-expressed with CKS5. All CK5-positive cells were
also Ep-CAM positive in all CIN | and 1l lesions, but
usually a few additional upper layers of cells were
positive for Ep-CAM. In a majority of CIN il lesions,
no CK5 expression was detected; occasionally, in
some lesions, it was limited to a few solitafy cells. In
contrast, almost all cells in CIN lll lesions were
strongly expressing Ep-CAM (Figure 5).

CK14 was present in basa! and suprabasal cells
of ectocervical epithelia, although the mtensnty ofits
expression varied greatly, and it was not as regularly




latier was, sir
basal compa r

in the course of dnfferentuatuon of dysplastnc cells
toward the squamous phenotype. CK14 was disap-
pearing earlier than Ep-CAM (Figure 6). The CK17-
positive groups of cells were observed occasionally
in some CIN Il lesions but in a pattern that was much
more limited than that for the expression of Ep-CAM.
In general, no correlation between expression of Ep-
CAM and the markers of reserve cells (CK14 and
CK17) was observed, as was true tor other occasion-
ally observed, cytokeratms such as CK10.and CK16.

Expresscon of CK10 was observed very_raiely in’

lesions, usually in the suprabasal areas of CIN, with
no correlation to Ep-CAM expression (see Figure 2

border of CK13 expression was moved to the upper
layers. In most dysplastic lesions and intraepithelial
neoplasia, the pattern of CK13 is complementary to
“the-pattern of Ep:CAM. Only in a few CIN:

ers were mamly negauve for CK13 and th, C_ 13-
osilive cells were largely located superﬂcnally tothe
P: AM-positive cells (Figure 7. B-D).

Expression of Ep-CAM and Markers for
" Terminal Differentiation

We abserved that at very early stages of dysplasia in
the cervix the expression of Ep-CAM in para- and
suprabasal layers of squamous epithelia was ac-
companied by the disappearance of CK13, which
marks all cells entering the terminal squamous dif- .
ferentiation. Therefore, we investigated the co-ex-
pression of Ep-CAM ard involucrin, a marker for
terminal differentiation of squamous epithelia,’® in
normal squamous and dysplastic cervical epithelia.
In normal ectocervical epithelia, the expreséiqn of
involucrin occurred in the suprabasal layers and in-
creased toward the upper layers. In tissues where
expression of Ep-CAM was observed, involucrin ex-
pression occurred only in cells negative for Ep-CAM.
In CIN | and CIN Ul lesions, where Ep-CAM was
expressed in basal fayers and gradually disap-
peared toward the upper layers of the stratified ep-
ithelium, involucrin appeared only when the cells
became negative for Ep-CAM. Remarkably, in most
cases we sludied. at least one layer of cells negative
for both markers separated the Ep-CAM-posilive lay-

. ..ers from those expressing involucrin (Figure 7, E-H).
“In particular. it also suggests that in cells of intraepi-

thelial neoplasia the expression of CK13 precedes
the expression of involucrin (compare the staining for

these markers in Figure 7).




and Ki-67 in squamous cervical tissues and neopla-
sia showed completely overlapping expression pat-
terns for these markers (Figure 8, B and C).

to be in a prohferatnve stale. Ki-67 ﬁ_zérks all cells Discussion
outside the G, phase, increasing from the G, phase
to the M phase of the cell cycle Y Only sol:tary

The epitheliai celt adhesion molecule Ep-CAM is ex-
pressed in most simple, pseudostratified, and tran-
sitional epithelia but is absent in adult squamous -
epithelial tissues. However, a large percentage ‘of
squamous cell carcinomas® (excluding those. origi-
nating from the skin®) do express Ep-CAM. Cervical
squamous epithelium is ideally suited to study the
relation of Ep-CAM expression to the neoplastic pro-. .
cess, as a number of stages of gradually progress-

e

Sk e




undifferentiated cell population in CIN esnons
Despite the fact that in normal tissue no detect-

able levels of Ep-CAM are expressed, in dysplastic -

squamous epithelium, which can be viewed as the

tion of keratinocytes. In CIN | to CIN 1l lesions the -
appeararce of this marker was observed only éfté’r’
the complete disappearance of Ep-CAM from the
cells. Additional analysis of CIN tissue using Ki-67. a
marker for all proliferating cells outside the Gg
phase, confirmed the collateral conclusion that ex-
pression of Ep-CAM in ectocervical tissue is associ-

, ‘ated. with an actively proliferating cell population that
does not enter terminal differentiation.

‘The presence of Ep-CAM in basal layers of cervi-
cal_.squamous epithelia seems to reflect an early
event in cervical carcinogenesis. Its expressxon is

Clearly associated with atypical cells in CIN lesions
" ‘and increases from low grade to high grade intrdepi-

thélial neoplasia. A number of other changes were
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achvnty in undlﬂerenhated cell Iayers of CIN lesions
comparable to that present in carcinomas as re-
ported by Brown et al,™ also on the basis of Ki-67
antagen expression. Therefore, expression of Ep-

vtdis eprectinons

nografts.™ which seems to be a direct refiection of
the process of epithelial transdifferentiation that oc-
curs in situ.”* *? By transdifferentiation the endocer-
vical sirriple epithetium is replaced by an immature
squamous epithelium that further progresses into
mature squamous epithelium.” The squamous
metaplastic area of the transformation zone is usually
the site where squamous intraepithelial lesions and
cervical carcinomas develop. It is quite plausible to
suggest that expréssion of Ep-CAM., which normafly
should be repressed as soon as the transdifferenti-
ating cells acquire the squamous phenotype, contin-
ues in dysplastic/neoplastic epithetium.

The observed continuous expressidn of Ep-CAM
in the basal layers of dysplastic lesions may.itself be
a factor contributing to ihe disturbances in normal
differentiation processes in such lesions. _

As was demonstrated by Wheelock and Jensen,??
E-cadherin has a central role in the regulation of the
stratified organization of squamous epithelia, and the
disturbance in E-cadherin-mediated junctions re-
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Flgure 7. Exprossion in v[mmmu\ tissues of

CIN I h~ions

sults in abrogation of normal morphogenésis in
squamous tissue. Normally, in cells that lose contact
with the basal membrane and move to the upper
layers (para- and suprabasal). an increased expres-
sion of E-cadherin is observed, accompanied by an
expression of markers for keratinocyte terminal dif-
terentiation.” I vitro, addition of anti-E-cadherin an-
tibody capable of dissociating the cadherin-medi-
ated intercellular junctions disturbs the calcium-

Figure 8. (.;mJ:ati:;x: Wf Ep-CAM expression with cefl [m-hﬁ'mll‘ml
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induced stratification of keratinocytes.” Recently we
have demonstrated that in L cells transfected with
E-cadherin cDNA. and supertransfected with the Ep-
CAM cDNA. an increase of Ep-CAM expression re-
sults in a decrease of £ cadherin-mediated cell-cell
interactions and in an increased proliferative activity
ot cells {Litvinov of 2! submitted for publication).
Ep-CAM expression. therefore. 's capable of affect-
ing negatively the cadherin-m:diated junctions, and

etinting twith cnti-Fp-€AM MAb CnxD and Ki-67 MAh (green nuclear

staining) wres performed for tissues of squemons nteplasio GAY. for gotde spramens hsion (80, aond hesh greibe Sguamans kesion (G
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this observation can be extrapolated to the dis-
cussed neoplastic changes in squamous epithelia.
Combmed with the finding that expression of Ep-
CAM.in: squamous epltheluum is associated with a
dlsturbanc“'m the dltferentaatlon process, this sug-
-gests: that Ep-CAM may actually contribute to a dys-
plasttc/neoplasttc cell phenotype by -affecting the
cadhenn-medtated cell-cell contacts. This sugges-
tion is in agreement with the reported disturbance in
expressuon of mtegnns in CIN lesions.?® During the
normal process of keratmocyte terminal differentia-
tion, B1-integrin expression is down-regulated.?¢?’
This repression of. integrin expression is an E-cad-
herin-controlled differentiation-related change.”” In
CIN lesions, the expression of the B1-integrin was
reported in all undifferentiated/atypical cells.?* a pat-
tern similar to the expression pattern of Ep-CAM. In
“this; respect' he_CIN lésions esemble the structures

sequenc_ s wo ld be a reluef from suppression of the
B1-integrin in CIN lesions, as is actually observed.

It is highly suggestive that human papillomavirus
infection has a role in up-regulation of Ep-CAM in
cells of the lesions in uterine cervix. Indeed. the
transtection of both ecto-.and endocervical epithelial
cells by the human papillomavirus-16 genome re-
sults in abnormal differentiation of the cells both in
vitro and in vivo.“*3° Whether immortalization of cer-
vical:epi elal cells by. human papnllomavnrus will
indeéd Iead 1o the expression of Ep-CAM, which has
to be. otherwase repressed in cells of squamous dif-
ferentiation, is currently under-investigation.

An important conseduence of our findings for im-
munohistology is that Ep-CAM clearly marks the neo-
plastic changes in squamous epithelium of the cer-
vix. Being expressed only in areas of atypical/
undifferentiated cells, Ep-CAM may serve as a good
marker for grading of CINs. It can also serve as an

early marker of dysplastic/neoplastic changes in cer-

vical squamous epithelium.
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